and to follow their progress by examinations from time to time.
The old idea which attaches primary significance to a fraoture of the skull dies hard and it is not always fully appreciated that the degree of intracranial injury does not necessarily bear any direct relationship to that of the skull. Unless the possibility of cerebral involvement is borne in mind in any case of accident to the cranium and a careful investigation is carried out, the injury may escape detection until the development of symptoms later makes it evident. Particularly is this head involvement likely to be overlooked in the presence of other serious injuries.
Since the development of after-symptoms can be minimized by appropriate treatment of a prophylactic nature, the importance of correct early diagnosis becomes obvious. An unrecognized case is of necessity an untreated case.
Intracranial structures may be damaged by force either directly applied to the cranium diffusely or locally, or indirectly, via the vertebral column, from the feet or pelvis, as is seen in parachute descents, or aeroplane crashes in which the machine " pancakes."
Actually among the Royal Air Force personnel, more head injuries are found to be due to accidents with motor cycles or cars than with aeroplanes. Kicks on the head while playing Rugby football' and injuries in boxing are other common causes.
The pathology of these minor injuries does not seem to be definitely established. Mr. Trotter has put forward the most satisfactory explanation. He considers that the symptoms originate probably from some form of vascular disturbance of the brain. The effects are produced by momentary widespread cerebral anemia, brought about by general distortion of the skull by the blow. This would seem to apply to the milder cases, such as the typical boxing knock-out. In the more severe cases. which give rise to troublesome after-effects, he considers the lesion to be one of cerebral contusion, and the effects to be manifestations of a persistent and varying rise in some degree of intracranial pressure. In this instance, the force is often local in its application and may be unattended by any appreciable loss of' consciousness. Symptoms will depend upon the state of the intracranial pressure and the site of the lesion.
The term ' concussion" has been used as a diagnosis to cover a variety of conditions. Generally it is applied provisionally to describe the disturbance of function following a blow to the head, as shown by the clinical picture of unconsciousness with a total loss of voluntary muscle power and tone. It has. been defined also as a "subtotal cessation of cerebral function following immediately upon an injury, with subsequent complete and permanent recovery within twenty-four hours." Where this does not occur, it is probable that more severe damage in the form of a contusion has been sustained.
AUG.-UNIT. SER. 1
In the Royal Air Force the use of the term "concussion" has been limited to define the basic cause of the symptoms produced, i.e., that force has been applied to the contents of the skull rather than to the resulting disturbance of function.
The fact that a patient has been concussed, using the term in this limited sense, may or may not be easy to decide.
Where the immediate dramatic effects-such as those of the typical " knock-out" at boxing-occur, the disturbance of cerebral function cannot be overlooked. It is common, however, to hear it stated under such circumstances, "he has only been concussed," and, provided the patient comes round within a reasonable time, little further notice is taken. This common application of the term tends to imply that such an injury is of little consequence. Luckily, the majority of these cases do well, but this should not be taken as sufficient reason for the cursory examination and treatment which they sometimes receive.
In those cases of accident in which loss of consciousness is transient or absent, the main difficulty in dealing adequately with the patient may be to get hold of him in the first instance, for examination. The tougher type of individual, who is most prone to meet with accidents from his indulgence in sports generally, is the very one to make no mention of what he considers to be a trivial injury, unless he develops subsequently some symptoms which cannot be overlooked.
A case seen recently exemplifies this well. An officer, while examining his machine, slipped and dived head first into the cockpit. He failed to report the fact to anyone for a day or two, during which time he continued to fly, though he felt generally " muzzy." He was eventually driven to see his medical officer by the violence of the headache which had developed. When questioned later about his accident, he could not quite remember what had happened to him. He admitted that he had felt so dazed at the time that he had to sit in the cockpit for a quarter of an hour feeling sick and dizzy.
It is difficult to deal adequately with such cases, which are constantly cropping up. The only solution appears to lie in teaching the personnel how necessary it is to report for medical examination after any accident involving the region of the head, or one by which they have been in any way dazed.
Further difficulties are encountered in another group of cases, when the patient fails to appreciate subsequently that he really lost consciousness, owing to the fact that he was able to continue moving about. A typical instance of this may be met with in football accidents, in which the patient receives a kick on the head.
He may or may not be carried off the field for a few moments, but he is able to get up and continue the game apparently normally. Later, he comes to himself and realizes that something unusual must have occurred, because he cannot recall details of the game, or who won the match. It is unlikely that he will report this occurrence to a doctor, being ignorant of its significance until some of the usual sequelw, develop later. The decisive test, applied to cases of accident in the Royal Air Force, in the attempt to decide the occurrence of concussion in doubtful cases is simple, and in practice appears effective. As soon as possible after the accident, from which the patient may have escaped apparently unhurt, he is closely interrogated on the events immediately connected with the moment of impact, that is, just when his aeroplane struck the ground, or he fell from his motor cycle. If he fails to give a complete account, and a small lacuna in memory is discovered, it is assumed that his normal cerebral functions were in some fashion disturbed at the moment. This is held to be indicative of the fact that force was applied to the intra-cranial contents. Superficially, many cases will appear to have had no disturbance of consciousness, and this will only become apparent on close investigation. The actual extent of the amnesia for preceding or subsequent events can better be explored later.
This procedure has been found advisable, because it has been noted that some patients, when interrogated shortly after their accident, are able to give a full account of events except for the moment of impact. When, however, they are re-examined some hours later, the period of amnesia will be found to have extended both in a retrograde and anterograde direction. The patient, who at first gave a clear account of his accident, is now found to be unable to furnish anv details of the flight which ended in a crash.
Such a case may be exemplified by that of an officer who crashes. It is found that he has turned off his petrol, undone his belt, and extricated himself from the wreckage. He is met by the ambulance making his way back in an apparently normal manner. He is able to converse rationally and give a clear account of himself. Unless the medical officer is wary, he is likely to be deceived by this apparent normality. If, however, he questions the patient closely, he will discover a small memory gap in which details are missing. If a few hours later the interrogation is repeated, the patient may say: "I can remember taking off, but nothing further until I woke in sick quarters." If pressed, he may be able vaguely to recall seeiDg the medical officer or the ambulance. Such cases are particularly dangerous in the Royal Air Force, since the patient may be permitted to fly back from the scene of accident in this abnormal mental state.
It is difficult to find a satisfactory explanation of tnis condition. Speaking broadly, it resembles clinically the automatism or fugue of hysteria, or that of the post-epileptic state. From its causation it may be regarded almost as a traumatic dislocation of consciousness. Its underlying pathology may be due either to a failure on the part of the brain, owing to some temporary circulatory embarrassment, to register incoming impressions so that nomemory trace is available for recall, or the impressions are duly registered but fail to be normally integrated with other past experiences. In the latter event they exist, but in a state of dissociation from normal consciousness to which they cannot be voluntarily recalled.
If this latter explanation is correct, the pathology corresponds to that accepted as underlying thehysterical state. It might be expected, therefore, that other symptoms similar to those of hysteria would be found. Such actually is the case in some instances-the officer dreams of the crash he cannot remember in his waking state and the emotional content belonging to the experience emerges as a condition of anxiety.
There appears to be a definite correlation between the extent of the amnesia and the severity of theinjury, particularly where an extensive retrograde amnesia is found. Occasionally the patient cannot remember events of the preceding day.
Here it would appear that the more freshly integrated impressions have their associations with the main bulk of past experience severed, -so to speak, before they have had time to set. This explanation tends to support the dissociation theory of the automatic states mentioned.
The immediate symptoms of concussion vary from a transient " knock out of a few seconds' duration, to prolonged unconsciousness, with a state of cerebral shock, and may be complicated by grave cerebral damage from laceration or haemorrhage. The signs of these serious injuries are well known (and are not to be included in a paper concerned with the minor injuries.
Reviewing the histories given in these cases, a striking fact is the considerable disparity between the severity of subjective symptoms and the presence of objective signs. On examination, shortly after concussion in the milder cases in which loss of consciousness has been absent or transitory, the patient may exhibit a mild state of restlessness and loquaciousness. Signs of minor shock may be present, such as a rapid pulse, dilated pupils and a cold moist skin. Examination of the nervous system often fails to reveal anything definitely pathological. The deep reflexes may be either increased or depressed and some tremor may be present. In the more severe cases, after return of consciousness, the clinical picture of cerebral irritation is found to a greater or lesser degree. This shows itself by some degree of mental confusion, with restlessness, photophobia, irritability and headache. Localizing signs-such as unequal pupils, involvement of cranial nerves, or paresis of limbs-will indicate a more serious type of injury. The presence of a fan-shaped subconjunctival hemorrbage spreading forward is always suggestive of a serious degree of intra-cranial damage.
Sequelm may develop almost immediately after the accident or, for some inexplicable reason, may be delayed in onset until the patient attempts to resume normal activities, or even for a considerable time later. The usual symptoms are headache, dizziness, especially on stooping, a varying defect of emotional control and of intellectual capacity. Disturbances of ocular muscle balance are a common result. The type of headache in these cases varies, but two common factors may be noted. Firstly, the liability of headache to develop during the night or on waking; this may be explained by the fact that the horizontal posture in bed tends to increase the intra-cranial venous pressure slightly, with a corresponding rise in intra-cranial pressure. Secondly, the incidence or aggravation of headache by any factor tending to raise intra-cranial pressure, such as straining or coughing or emotional states. There may be a general disinclination for any form of mental or physical exertion. and a liability to fatigue quickly. Sleep is sometimes delayed and broken, and nightmares may occur. General nervousness, anxiety and depression, with lack of confidence, are liable to develop.
Examination of the nervous system at this stage also is usually negative. Deep reflexes vary. Tremor of fingers and eyelids is usual and the power to balance on one leg with closed eyes often faulty. The efficiency tests in use in the Air Force are valuable here, since they reveal in most instances some disturbance in the control of the autonomic nervous system. This appears as cardiovascular and respiratory instability and is shown by an undue increase of the pulse-rate on alteration of posture, or after exercise, with a delay in return to normal rate. There are usually alterations in blood-pressure. Both systolic and diastolic pressures may be raised or the pulse pressure increased. Respiratory inefficiencv results in a shortening of the duration of the endurance test. Delay in reaction time with disturbance of neuro-muscular co-ordination is brought out by tests on the Reid machine. The responses are found to be less consistent than usual.
The after-symptoms of head injury are of importance, both from the point of view of the patient-in that they may make his life an utter misery for some timeand from that of the Service, since they may render him ineffective for long periods. It is always easy to be wise after the event, but in dealing with these cases, it is disconcerting to realize how many have escaped recognition and have failed to undergo the prophylactic treatment which might have prevented their development. The omission is often due to the patient's failure to report his accident or to carry out the advice given.
A striking example of this state of affairs has been under observation recently. An officer was dragged for some miles across country by an escaped captive balloon. He had the misfortune to become entangled with the rigging and for at least a part of the journey was suspended head downwards while the balloon careered along, dragging him through hedges and ditches, rising at intervals to 50 ft. or so and then falling and bouncing him on the ground. He was finally rescued and was able to make his way back to camp with assistance. There were apparently no significant external injuries, or evidence of gross brain involvement and he was permitted to carry on with his duty. Subsequently, he developed severe headache, sleep disturbances, irritability and nervousness, with impairment of his mental abilities. He came under notice owing to the discovery of a gross defect of ocular muscle balance. When examined, he stated that he was knocked out completely after the first few minutes of his cross-country trip, but recovered sufficiently to realize his position later while it continued. He was semi-conscious when released, but his brain cleared after a rest and he walked back some miles to camp. On the following day he felt fairly well, but on the next day headaches developed. After a week these passed off by day to develop at night, waking him up two hours after he had got to sleep. X-ray examination showed a stellate fissured fracture of the parietal bone. In spite of rest and treatment, symptoms are still persisting, nine months after the accident. This is evidently a case of unresolved contusion.
When symptoms only develop some time after the accident, unless the possibility of an antecedent head injury is envisaged and made the subject of inquiry, the view is apt to be taken that the case is one of psychoneurosis. Such an error will lead to the adoption of an unsuitable line of treatment. There is no doubt that a functional element often complicates cases of minor head injury, particularly where the subject of compensation is involved. Where, however, a definite history of concussion is elicited, it seems fairer to treat the case as primarily traumatic and not psychic in origin.
To illustrate this point, two contrasting cases may be briefly quoted:
(I) A workman struck his head on the open door of a railway waggon. He was knocked out for a few moments, but was able to carry on with the work on which he was engaged. The same night while out shopping, he lost himself and wandered about for some time in a dazed state, having no subsequent recollection of his actions. After a rest and a holiday he returned to work. The headaches recommenced immediately, mostly at night, disturbing his sleep and rendering him incapable of full duty next day. He became nervous and depressed. He was apparently suspected of malingering, and this attitude, coupled with a feeling of incapacity and a fear of losing his work, further aggravated his condition.
This case was undoubtedly one of unresolved contusion, complicated perhaps by a superadded psychoneurosis element, but primarily traumatic in origin, i.e., a " commotional " state.
(II) A pupil under flying instruction got his machine into a spin which he was able to correct just in time to make some sort of landing. He was unhurt, and recalled all events, including the landing, perfectly. Subsequently, he developed similar symptoms to those of a post-concussional state-headaches, nervousness, depression and disturbed sleep. This case had a purely psychic or ' emotional " origin.
Naturally, different lines of treatment are indicated in the two cases. The treatment of minor head injuries is to be considered under two headings. Immediate -when the incidence of a concussion is clear or when it is even suspected. Here, despite the patient's protests, strict rest in bed is indicated as a prophylactic measure. It is a far wiser thing for the medical officer to err on the side of what the patient may consider mere fussiness" than to be satisfied with a cursory physical examination, which, because it fails to reveal unequal pupils or altered reflexes, is thought to exclude the possibility of a brain injury.
Sedatives for headache or restlessness and irritability may be necessary. Freedom from light and noise, with light diet, aperients and ice bag to the head are the usual measures in the more severe cases. In these cases careful observation for the possible development of compression from slow htemorrhage is also necessary. Shock, when present, is dealt with on the usual lines.
In cases in which the initial injury does not appear to have been severe and no headache or other sequele develop within 48 hours, a cautious and graduated return to duty may be permitted. The R.A.F. efficiency tests serve as a guide in estimating progress. Should a headache develop, prolonged rest in bed, up to three weeks, is advisable. When symptoms are severe, the probability is that intra-cranial pressure is appreciably raised. Lumbar puncture may be performed with measurement of the actual pressure by the manometer as an aid to diagnosis. The most satisfactory line of treatment to adopt is one which will tend to lower the pressure and permit normal cerebral circulationto re-establish itself.
Measures directed towards this end are: (1) Postural. The patient should maintain a semi-sitting position in bed, particularly for sleep at night. Gravity assists in reducing slightly the intra-cranial venous pressure. (2) Dehydration-by administration of hypertonic saline solution intravenously, or by enemas of concentrated magnesium sulphate (3 oz. to 6 oz. water). (3) Repeated lumbar punctures with withdrawal of cerebrospinal fluid until a normal pressure is recorded manometrically. (4) Decompression operation in the most severe cases.
The ultimate prognosis appears usually good, though progress may be slow and the patient may become a trial to himself and others.
It appears doubtful to what extent these minor head injuries predispose to any of the more serious brain conditions such as abscess, tumour or a psychosis. Epilepsy in the form of J'acksonian attacks seems an occasional but established sequela. It has been suggested that this is due to adherence of the covering membranes to the cortex.
It has been found advisable to retain cases of head injury at home for. a period of a year after cessation of all symptoms, since it has been noted that headache is liable to recur in hot climates. Intolerance to alcohol is a well-recognized sequela, and all patients should be warned on this subject, owing to the risks involved by flying or motoring, even after moderate indulgence.
Wing-Commander W. W. Shorten: As Squadron-Leader Burton has said, grave injuries of the brain, due to laceration or compression by depressed fractures, do not come within the scope of this discussion. There are, however, certain types of fracture, in which the fracture itself is less important than the intra-cranial effects, although the diagnosis ofsuch fracture is of importance and may present some difficulty. Such are:-(1) Fractures of the frontal plates. These are by far the most frequent in aeroplane accidents, and are due to the pilot striking his head on the front edge of the cockpit at the time of impact with the ground. This type of case is likely to be overlooked if the crash occurs in an outlying district, as the pilot has time to recover before medical attention is obtained, and often he is not seen until he returns to his squadron, where he makes light of his injuries. The first evidence is the appearance of a fan-shaped subconjunctival hwmorrhage, and although the patient will deny all history of headache, the history of headache will be forthcoming when he is closely questioned by his medical officer, and in some cases even loss of memory will be admitted.
(2) Fracture of the base of the skull. This is undoubtedly the next most common type of fracture met with in aeroplane accidents. It is also frequent in motor accidents. In aeroplane accidents it is due to severe impact of the machine with the ground, the force being transmitted through the spinal column.
(3) Fractures of the vault, apart from fracture of the frontal plate. This type of fracture is now uncommon in aeroplane crashes, in fact it is practically never heard of now, and when it does occur it is mostly due to propellor accidents, and is fast disappearing, owing to the use of mechanical starters. It is very common in motor cycle accidents.
(4) Fractures of the nasal and malar bones, superior and inferior maxillie, responsible for concussion, are very seldom seen, and, generally speaking, call for little beyond the usual watchful treatment. Undoubtedly the three great factors to be looked for in head injuries, apart from a fracture, are concussion, compression, and contusion and laceration of the brain.
Concussion.-This calls for complete and absolute rest for at least three weeks, which is a rule in the Royal Air Force, no matter how slight the symptoms may be, provided there was a definite concussion at the onset. Even this period of three weeks will be prolonged if the patient still suffers from headaches, or is again subject to headaches after getting up although he may have been free from them for some time before getting out of bed. It is possible that this type of case, at first looked upon as one of concussion, is in reality a case of minor contusion or laceration of the brain.
Compression is another matter and calls for verv close observation and operative treatment is necessary when symiptoms and signs are sufficiently clear to indicate the site of the lesion and so permit the surgeon to operate with confidence and in time.
Contusion and laceration of the brain.-In severe cases, surgical interference is in most cases useless, and it is a matter of opinion if it should ever be attempted unless the injury is associated with a fracture.
The milder cases of contusion and laceration are far the most difficult cases in which to give a prognosis, and although at first sight they appear to be slight and tend to make a steady recovery, one must be guarded in giving an opinion as to the future, as it is no uncommon occurrence for them to relapse, and even in some instances to display signs and symptoms which are much graver than those at first displayed.
The diagnosis in a number of cases of head injuries, such as compound depressed fracture, is perfectly obvious. In some of the more obscure cases it is most difficult to arrive at an opinion, and, in these cases especially, examination of the eyes by the ophthalmic specialist, lumbar puncture, and X-ray examination are exceedingly helpful. (It is the practice in all cases of head injuries in the Royal Air Force, no matter how trivial they may appear, to have the eyes examined, and a number of skiagrams taken at different angles, also a stereoscopic view.)
Although there may be a clear historv of an injury, one must not forget that the accident may have been caused by some other condition affecting the head-for instance, in the tropics, sunstroke-and that the injury to the head may be secondary.
Group-Captain C. Clements dealt with points indicating diagnosis between mild and serious intra-cranial damage, in cases which might at first be considered trivial, rather than to purely local damage, i.e., suggesting extra-orbital involvement.
A subconjunctival haemorrhage as part of an ordinary local "black eyes" was of no significance, but one which appeared from twenty-four to forty-eight hours after the accident, starting from behind and spreadiDg forwards fanwise, was definitely diagnostic of a basal fracture involving the orbit. In some cases a very rapid and extensive brawny infiltration of the upper lid, later developing a fan-shaped htomorrhage, should be viewed with suspicion. Loss of convergence was a frequent sign of brain "shake-up " and unwillingness to attempt convergence, especially if pain was complained of on so doing, suggested that cerebral irritation was still present.
Dilatation and contraction, or inequality of the pupils, were helpful signs for diagnosis. With regard to inequality of the pupils, it was dangerous to make a positive decision that one pupil was dilated or the other contracted; it was wiser to state which was the larger.
The optic discs should be examined and would help to indicate, in the later stages, whether there was-or had been-intra-cranial pressure. Paresis or paralysis of an extrinsic muscle might be local or extra-orbital.
Wing-Commander David Ranken: The most important lesson to be learnt from this discussion seems to be that head injuries apparently minor in nature may cause affections of the cranial contents that are anything but minor; it follows, therefore, that clinical observations which demonstrate at an early date the presence of these affections, are of the utmost value. Squadron-Leader Burton has dealt with the brain itself, but there are signs and symptoms associated with the cranial nerves-for example, the first and eighth-that I think we ought to consider.
Loss or impairment of the olfactory sense is sometimes complained of by a patient after what appears to have been a minor head injury; in my experience this symptom is sometimes overlooked, owing to lack of interrogation on the part of the medical officer; it is, however, of considerable value, especially if persistent, and may be an indication that apart from the olfactory nerves and tracts, the frontal lobes of the brain have also not escaped unscathed.
Sometimes after what is apparently a minor head injury, slight nerve deafness, either unilateral or bilateral, is discovered; as nerve deafness picks out principally the higher notes, this affection may be unsuspected by the patient himself; the cochlear and vestibular nerves run for a large part of their course in a bony canal-the internal auditory meatus-and it is reasonable to suppose that if these have been affected, other parts of the brain have been damaged; when tinnitus and vertigo are also present this assumption is strengthened; I will even go so far as to say that the rapidity and extent of the disappearance of these symptoms afford a valuable clue to the recovery taking part in portions of the brain which we cannot so easily examine.
If each cranial nerve is carefully tested, information will often be gained that may help us at an early date to realize not only what has happened in grosser and less accessible parts of the nervous system, but also what is likely to happen in the future; in other words, we have by this method an additional and valuable aid to prognosis, and to make a definite prognosis in this class of case is one of the most difficult things in surgical practice.
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